We hypothesized that substituting a corn hybrid with high cell-wall content and high neutral detergent fiber (NDF) digestibility (HCW) for a hybrid with lower cellwall content and lower NDF digestibility (LCW) would improve feed intake and milk production in lactating Holstein cows. There was a 3.6 percentage unit difference in NDF content and a 4.1 percentage unit difference in 30-h in vitro NDF digestion between the 2 corn hybrids. In trial 1, 40 cows (12 primiparous) ranging in milk production from 24.1 to 44.0 kg/d, following a 2wk preliminary period, were used in a crossover design with 2-wk periods. Diets consisted of 45% corn silage (HCW or LCW), 10% alfalfa hay, and 45% concentrates. The DMI (25.4 vs. 24.2 kg/d) and 4% FCM yield (34.3 vs. 31.7 kg/d) were higher for cows fed the HCW diet compared with the LCW diet. When HCW was substituted for LCW on a DM basis, there was no relationship between pretrial milk yield (preliminary period) and subsequent response to HCW silage. In trial 2, 40 cows (8 primiparous) ranging in milk production from 20.6 to 49.0 kg/d, following a 2-wk preliminary period, were used in a crossover design with 2-wk periods. Diets consisted of the same LCW diet as trial 1 and a diet containing HCW at a concentration (40% of DM) that resulted in equal NDF content (30.8%) between the 2 diets (HCWN). The DMI (26.8 kg/d) was unaffected by diet, although there was a trend for greater DMI (% of BW) for cows fed the HCWN diet compared with LCW silage (4.24 vs. 4.12). Milk fat (3.91 vs. 3.79%) and 4% FCM yield (34.9 vs. 33.4 kg/d) were greater for cows fed HCWN vs. LCW diet. When HCW was substituted for LCW silage on an NDF basis, cows with greater Abbreviation key: HCW = high cell-wall content and digestibility corn silage, HCWN = diet that contains the HCW corn silage substituted on an NDF basis, IVNDFD = in vitro NDF digestibility, IVSD = in vitro starch digestibility, LCW = lower cell-wall content and digestibility corn silage, MEO = milk net energy output, PM = pretrial milk yield, PMEO = pretrial milk net energy output.
milk production during the preliminary period had a greater milk response to HCW than lower-producing cows. Results of these trials supported our hypothesis that HCW corn silage results in greater DMI and milk yield than LCW silage, whether substitution occurs on a DM or NDF basis. (Key words: corn silage, fiber digestibility, milk yield)
INTRODUCTION
When the land base available for forage production is limited, it becomes increasingly important to develop corn hybrids with greater ruminal DM digestibility, which can provide more energy to the cow. The concern with increasing the digestibility of forages is that many dairy rations are already formulated for minimum dietary NDF and forage NDF content (25 and 19%, respectively; NRC, 2001) , and contain 50% or greater highly fermentable concentrates. Therefore, increasing the digestibility of the forage fraction could increase the problems observed when feeding higher concentrate diets.
The high NDF content of forages helps to alleviate the problems associated with highly digestible diets by increasing rumination time, which increases saliva production, but NDF can be detrimental to intake and production if fed at high levels. Neutral detergent fiber is correlated negatively with whole-plant in vitro DM digestibility in corn (Cox et al., 1994) . Therefore, a high-NDF corn silage would be beneficial only if the increased NDF did not limit intake through decreased DM digestibility and ruminoreticular fill. There are also potential economic benefits to feeding a high-NDF corn silage because it would allow for lower concentrations of forage in the ration, thereby decreasing the amount of forage that would have to be grown or purchased.
A review by Oba and Allen (1999a) showed that an average 8.4 unit difference in NDF digestion was associated with a mean difference of 2.1 kg for 4% FCM and 1.9 kg for DMI. Oba and Allen (1999b) suggested that higher producing animals might have a potentially greater response to increased NDF digestibility compared with lower producing animals. Higher producing cows have greater DMI and, therefore, their intake is more likely to be limited by ruminoreticular fill compared with cows that are producing less milk. When feed intake is limited by fill, one approach to increase DMI is to increase NDF digestibility, which increases the rate of NDF clearance from the rumen thereby creating additional space. Because animals at different levels of production may respond differently to increased NDF digestibility (Oba and Allen, 1999b) , it is important that any response to a high-NDF digestibility corn silage be related back to initial milk production.
The objectives of this research were: (1) to compare the effect of a high NDF, high NDF digestibility corn hybrid with a lower NDF, lower NDF digestibility corn hybrid on feed intake, milk production and composition, ruminal fermentation, and total tract nutrient digestion, and (2) to relate the response in milk yield to hybrid back to initial milk production.
MATERIALS AND METHODS

Trial 1 -Forage Substitution on a DM Basis
Experimental cows and diets. Forty Holstein dairy cows (12 primiparous and 28 multiparous) ranging in milk production from 24.1 to 44.0 kg/d (normally distributed with a mean of 32.8 kg/d and an SD of 5.1 kg/ d) were assigned to a crossover design after a 2-wk preliminary period. The DIM ranged from 23 to 243 d with an average of 113 d. Treatments were not balanced for DIM, but were balanced for primi-and multiparous animals. Experimental periods were 14 d with the last 7 d as the collection period. These periods were shorter than common, but previous research (Younker et al., 1998; Voelker et al., 2002) showed that 2 wk is sufficient to evaluate a response to diets with different forage to concentrate ratios and fiber digestibility. Shorter periods were necessary for us to evaluate response to treatment by initial milk production level. Cows were housed in a tie-stall barn and were allowed ad libitum access to diets. The chemical composition and particle-size distribution of the corn silages is shown in Table 1 . Both hybrids were grown at the Agriculture Research and Development Center, Mead, NE. They were cut at three-quarters milk-line stage of maturity at a 0.95-cm theoretical length of cut without kernel processing or Journal of Dairy Science Vol. 88, No. 1, 2005 inoculation and stored in plastic silage bags until initiation of trial 1. The high cell-wall content and digestibility corn silage (HCW) was 3.6 percentage units higher in NDF and 4.1 percentage units higher in 30-h in vitro NDF digestibility (IVNDFD) compared with the lower cell-wall content and digestibility corn silage (LCW). Due to the differing NDF concentrations of the corn silages, the diets were formulated to contain either 29.2 or 31.6% NDF for the LCW and the HCW diets, respectively. The diets (Table 2) consisted of 45.1% of HCW or 45.1% of LCW. The remainder of both diets consisted of alfalfa hay, ground corn, tallow, SoyPass (Lignotech USA, Rothschild, WI), soybean meal, blood meal, and mineral and vitamin mix.
Trial 2 -Forage Substitution on an NDF Basis
Forty Holstein dairy cows (8 primiparous and 32 multiparous) ranging in milk production from 20.6 to 49.0 kg/d (normally distributed with a mean of 35.14 kg/d and a SD of 6.80 kg/d) were assigned to a crossover design after a 2-wk preliminary period. The average DIM was 140 d with a range of 19 to 285 d. Treatments were not balanced for DIM, but were balanced for primiand multiparous animals. As in trial 1, periods were 14 d in length with the last 7 d serving as the collection period. Cows were housed in a tie-stall barn and were allowed ad libitum access to diets. The diets (Table 2) consisted of 40.1% of the HCW silage or 45.1% of the LCW silage. The LCW diet contained the same ingredients and concentrations as the LCW diet in trial 1. In trial 2, the diet containing the HCW silage (HCWN) was formulated to contain an NDF concentration equal to that in the LCW diet. Ground corn replaced the corn silage in the HCWN diet. The other ingredients in the concentrate mix remained the same as the HCW diet from trial 1.
Trials 1 and 2 -Sampling and Measurements
For both trials, the experimental periods were 14 d; the last 7 d were used for sample and data collection. Diets were fed once daily to ensure 10% orts. Amounts offered and orts were recorded daily to determine DMI. Body weights were measured after the a.m. milking for 3 consecutive days during the last week of each period. Daily milk production was recorded electronically for each cow and a weekly average was calculated. Milk composition samples were collected at 4 consecutive milkings during the last week of each period and analyzed for percentage of milk fat, protein, lactose, and somatic cells (Heart of America DHIA, Manhattan, KS). Eight of the 40 cows were fistulated, and all cows were housed under conditions described in animal use proto- (Lammers et al., 1996). cols approved by the Institutional Animal Care and Use Committee at the University of Nebraska.
Ingredient and TMR samples were collected and analyzed in a similar manner for trials 1 and 2. Corn silages, alfalfa hay, concentrate, and TMR samples were collected during the last week of each period for chemical analyses. Samples were oven-dried (60°C), ground through a Wiley Mill (1-mm screen; Arthur H. Thomas Co., Philadelphia, PA), and analyzed for CP (AOAC, 1990) , amylase-modified (heat stable α-amylase; AN-KOM Tech. Corp., Fairport, NY) NDF (Van Soest et al., 1991) , ADF (Van Soest et al., 1991) , and acid detergent lignin (Goering and Van Soest, 1970) . Sodium sulfite (0.5 g/sample) was added to the concentrate samples to solubilize protein complexes found in the SoyPass ingredient (Hintz et al., 1996) . Starch was analyzed according to Fleming and Reichert (1980) . Chemical composition of the experimental diets was calculated from the chemical composition of the individual ingredients.
Corn silages were analyzed for 30-and 48-h IVDNFD according to Goering and Van Soest (1970) . The 30-or 48-h samples were removed and stored at −20°C and later thawed and analyzed for NDF concentration according to Van Soest et al. (1991) . Corn silages were analyzed for in vitro starch digestion (IVSD) according to Richards et al. (1995) and removed after 8 h of incubation. The Penn State Particle Separator (Lammers et al., 1996) was used to determine particle-size distribution of fresh corn silage and TMR samples (top screen diameter of 19 mm, middle screen diameter of 8 mm). Each collection week, a fresh silage sample was used to determine silage pH and a portion was frozen for determination of the fermentation profile by Dairy One Laboratory (Ithaca, NY).
Ruminal fluid samples were collected from the 8 fistulated cows during the first day of the collection period at 0, 4, 8, 12, 16, 20 , and 24 h starting at 0600 h. Digesta samples were collected from beneath the ruminal digesta mat and strained through 4 layers of cheesecloth for immediate pH determination using a portable pH meter. Samples (45 mL) were collected from the strained digesta and stored at −20°C for further analysis. Samples were thawed, treated with 25% m-phosphoric acid, and centrifuged at 15,000 × g for 15 min and analyzed for VFA concentration with a gas chromotograph (Hewlett Packard 5890 series II) using run conditions described by Weidner and Grant (1994) . The 8 measured values were averaged within cow for each period, and statistics were run on the averaged values.
Fecal samples were collected from the 8 fistulated cows every 9 h for 3 d during the collection period and (Lammers et al., 1996). frozen at −20°C. Samples were thawed and composited by cow within period, dried at 60°C for 72 h, and ground through a 1-mm Wiley mill screen. Composite samples were then analyzed for OM, NDF, and starch for determination of total tract digestibility. Indigestible NDF (120-h in vitro incubation) was used as the internal marker and total tract digestibility of OM, NDF, and starch was calculated according to Cochran and Galyean (1994) .
Rumen evacuations were performed on the 8 fistulated cows 4 h before feeding to determine total rumen volume and mass of the rumen contents. A representative sample of rumen contents was taken at that time and frozen at −20°C until further analysis. The ruminal content samples were then thawed and dried at 60°C for 72 h and ground through a 1-mm Wiley mill screen. Samples were analyzed for OM, NDF, and starch, and ruminal pool sizes were calculated by multiplying the digesta DM weight by the concentration of each component. These pool sizes were then used to calculate ruminal turnover rate, which accounts for both digestion and passage, according to Oba and Allen (2000) :
Journal of Dairy Science Vol. 88, No. 1, 2005 Turnover rate in the rumen (%/h) = (intake of component/ruminal pool of component)/24 × 100
Trials 1 and 2 -Statistical Analyses
All data were analyzed within trial as a crossover design using the MIXED procedure of SAS (SAS Institute, Inc., Cary, NC) according to the following model:
where μ = overall mean, S i = effect of sequence (i = 1, 2), c j (s i ) = random effect of cow nested within sequence (j = 1, 2, 3,...20), P k = effect of period (k = 1, 2), T l = effect of treatment (l = 1, 2), and e ijkl = residual error, assumed to be normally distributed.
To correlate response to treatment with pretrial milk yield (PM), the response was calculated as follows:
where y high = response to the HCW or HCWN diet, and y low = response to LCW diet.
Pretrial milk yield and milk net energy output (PMEO) were calculated as the average milk yield for the last week of the preliminary period. The PMEO was calculated as follows: , 2001) . The relationship between response to treatment and PM or PMEO were analyzed according to the following model:
where Y i = y high − y low , μ = overall mean, S i = effect of sequence (i = 1, 2), PM = PM or PMEO, PM 2 = PM 2 or PMEO 2 , and e i = residual error, assumed to be normally distributed.
Significance was declared at P < 0.05 unless otherwise stated, for both trials 1 and 2.
RESULTS AND DISCUSSION
Corn Silage and Dietary Nutrient Composition -Trials 1 and 2
The average nutrient composition of the 2 experimental silages and the preliminary corn silage fed during the 2 trials is shown in Table 1 . The CP content of the HCW silage was slightly lower than the LCW silage. The NDF concentration was 3.6 percentage units higher for the HCW silage compared with the LCW silage; most of that difference appeared to be due to a higher hemicellulose concentration in the HCW silage because the ADF and lignin concentrations were similar between the 2 treatment silages. The starch concentration was lower in the HCW silage compared with the LCW silage (25.7% for the LCW silage vs. 22.5% for the HCW silage). It was expected that the starch concentration would be lower in the HCW silage because NDF concentration is negatively correlated with grain yield (Allen et al., 1991; Cox et al., 1994) .
In vitro starch digestibility, after 8 h of incubation, averaged 99% and was not different between the 2 experimental silages. The 30-h IVNDFD was higher for the HCW silage compared with the LCW silage (54.8 vs. 50.7% for the HCW and LCW silages, respectively). The 48-h IVNDFD was also higher for the HCW silage (66.7%) compared with the LCW silage (58.2%). Previous research with the HCW hybrid used in our study (Weiss and Wyatt, 2002) , as well as our preliminary work, indicated that the 30-h IVNDFD of the HCW silage would be approximately 4 to 5 percentage units higher compared with a conventional corn silage (we observed 4.1). However, the difference in 48-h IVNDFD values between LCW and HCW silage was almost twice the difference observed by Weiss and Wyatt (2002; 8.5 Journal of Dairy Science Vol. 88, No. 1, 2005 compared with 4.8 percentage units). All our values for 30-h and 48-h NDF digestion were higher than the values reported by Weiss and Wyatt (2002) , with our 30-h digestibilities being higher than their 48-h values. The ranges of our IVNDFD compared favorably with values reported previously for corn silage hybrids by Oba and Allen (1999a) . Potential reasons for the variability in measured silage NDF digestibility for the same hybrid at 2 different sites are climatic effects due to geography (Ohio vs. Nebraska), year during which the hybrid was grown , and donor animal.
The fermentation profiles of the 2 experimental silages were similar (Table 1 ). The lactic acid concentration was slightly lower and the acetic acid concentration was higher in the HCW silage, which led to a difference in their ratio. Overall, pH and VFA concentration indicated good silage fermentation. The particle-size distributions of the 2 experimental silages were similar. The corn silage fed during the preliminary period had a nutrient content similar to the LCW silage.
The diets fed during the experimental periods of trials 1 and 2, plus preliminary period diet, contained similar concentrations of DM, CP, RUP, and ADF ( Table 2) . The particle-size distribution of the 3 experimental diets was similar when measured as fed (Lammers et al., 1996) , although the preliminary diet contained more medium-sized particles (8 to 19 mm) and fewer small particles (<8 mm). As planned, the HCW diet contained 33.2% NDF compared with the LCW diet, which contained 30.8% NDF (Table 2) .
Trial 1 -Forage Substitution on a DM Basis
Milk yield, milk composition, and DMI. The milk yield (35.7 and 33.5 kg/d for HCW and LCW, respectively) and 4% FCM yield (34.3 and 31.7 kg/d for HCW and LCW, respectively) were significantly higher for cows fed the HCW diet compared with the LCW diet (Table 3) . Other recent studies have yielded varying results when a higher NDF digestibility silage replaced a lower digestibility silage (Oba and Allen, 1998; Kuehn et al., 1999) . Weiss and Wyatt (2002) observed no difference in milk yield between their control diet and the high-NDF, high NDF digestibility silage (same hybrid as our study) substituted on a DM basis, even though the difference between the 30-h in vitro digestibilities of their silages were similar to what we observed. Valentin et al. (1999) also observed no effect on milk yield of feeding corn silage with increased in situ NDF digestibility compared with a lower digestibility corn silage. However, many studies evaluating brown midrib corn hybrids, which contain less lignin and are considered to have higher in vitro digestibility, have consistently shown an increase in feed intake and milk production for cows fed the brown midrib silage compared with a conventional hybrid (Oba and Allen, 1998; Ballard et al., 2001) .
It has been predicted that a 1-unit increase in NDF digestibility, measured in vitro or in situ, would result in a 0.25 kg/d increase in 4% FCM (Oba and Allen, 1999a) . We found that for a 1 percentage unit increase in NDF digestibility, the 4% FCM yield increased by 0.63 kg/d (30-h in vitro NDF digestion) or 0.31 kg/d (48h in vitro NDF digestion). This relationship between increasing NDF digestibility and increasing feed intake and milk yield has been shown to be true in alfalfa silages (Dado and Allen, 1995) . We observed no difference in the gross efficiency of converting DMI to 4% FCM. Due to the increase in milk yield, production of milk fat, milk true protein, lactose, and SNF were all significantly higher for the HCW diet.
The increase in milk yield and 4% FCM was most likely due to the significant increase in DMI observed for cows fed the HCW diet (25.4 kg/d) compared with the LCW diet (24.2 kg/d; Table 4 ). This difference was also significant when converted to a percentage of BW basis indicating that it was not simply a function of larger cows eating more because they have higher ruminal capacity. Due to the higher NDF content of the HCW diet (33.2%) compared with the LCW diet (30.8%), and the increased DMI of cows fed the HCW diet, the NDF intake was also higher for the HCW diet (P < 0.01). Oba and Allen (1999a) determined that a 1-percentage unit increase in NDF digestibility resulted in a 0.17kg increase in DMI. We observed that a 1-percentage unit increase in NDF digestion was associated with a 0.29-kg/d increase in DMI (30-h in vitro NDF digestion) or 0.14 kg/d (48-h in vitro NDF digestion). Diet had no influence on consumption of starch or indigestible NDF.
Turnover and total-tract nutrient digestibility. The cows fed the HCW diet were able to produce more milk due to their higher DMI. The increase in DMI was in part possible by the significant increase in OM and NDF turnover in the rumen observed for the HCW diet compared with the LCW diet (Table 5 ). It has been thought that increasing the NDF content of the diet, as was the case in the HCW diet, would decrease pas- sage rate of the diet, but in this situation, it appears that the higher rate of NDF digestion in the rumen was able to overcome the presumed decrease in passage rate due to higher NDF concentration (Shaver et al., 1988) . The wet digesta weight (P < 0.09), ruminal volume (P < 0.12), and digesta DM weight (P < 0.12) all tended to be lower for the HCW diet compared with the LCW diet, indicating that higher NDF digestibility of the HCW diet was decreasing ruminal fill. Starch turnover in the rumen was not significantly different between the treatments. The passage rate of the indigestible NDF fraction was not affected by diet indicating that the high turnover of OM and NDF observed for the HCW diet was influenced more by increased ruminal digestion than by increased passage rate.
The majority of dietary NDF is degraded in the rumen, and the higher ruminal turnover of NDF in the rumen is reflected in the significantly higher total-tract NDF digestibility observed for cows fed the HCW diet (43.3%) compared with the LCW diet (39.1%). In contrast, total-tract OM and starch digestibilities were not different between the diets. Oba and Allen (1999b) observed no difference in total-tract OM digestibility between a brown midrib corn hybrid and a conventional corn hybrid, even though the brown midrib silage had a higher apparent and true ruminal OM digestibility. However, in their study, the passage rate for the brown midrib diet was also faster so that the increased rate of passage could have negated any increase in rumen digestibility. Other studies have also shown no difference in total-tract OM digestibility of a high-NDF digestibility and a lower NDF digestibility silage (Kuehn et al., 1999; Oba and Allen, 1999b; Bal et al., 2000) . One possible explanation for the increase in ruminal turnover without an increase in total-tract OM digestibility is that the increased digestibility of the NDF in the rumen accounted for much of the increase in OM turnover in the rumen, but postruminally the OM that was passed out of the rumen was digested similarly between the 2 diets.
Ruminal pH and VFA concentrations. The ruminal pH was not different between the HCW and the LCW diets (5.97 and 5.94, respectively). Ruminal concentrations of acetate, butyrate, and total VFA were not affected by diet (Table 6) . Similarly, Weiss and Wyatt (2002) showed no effect of feeding the same high-NDF, high-NDF digestibility silage compared with a conventional silage on total VFA concentrations. The LCW diet resulted in greater propionate concentration, and lower acetate to propionate ratio, presumably due to the lower NDF and slightly greater starch content of the LCW diet compared with the HCW diet.
Relationship of milk response to pretrial milk yield. It appears that the increased NDF digestibility of the corn silage allowed for an increased DMI mostly due to the increase in NDF and OM turnover in the rumen. When the response to the HCW diet was compared with PM, there was no effect of initial milk yield on subsequent response to diet (Figure 1 ; linear: P > 0.18; quadratic: P > 0.45). For energy-corrected milk, there was a significant quadratic response to the HCW diet with higher and lower pretrial milk energy output equating to a greater response to the HCW diet. However, the overall shape of the curve implies that there is little biological significance to this relationship. Other factors such as DIM, parity, and BW could influence PM and therefore the response to the treatment. There was a negative correlation between pretrial DIM and PM (r 2 = (0.39), which reflects our use of late-lactation animals to create the lower end of our range in pretrial milk production. The relationship observed in our study disagrees with results from previous studies that have shown an increased FCM response to lower forage diets (Voelker et al., 2002) and brown midrib silage-containing diets (Oba and Allen, 1998) for cows that were at higher levels of milk production before the initiation of the study
Trial 2 -Forage Substitution on an NDF Basis
Milk yield, milk composition, and DMI.
There was no effect of treatment on milk yield, but 4% FCM was significantly higher for cows fed the HCWN diet (Table 7) . In this trial, substituting the HCW silage, on a NDF basis, for the LCW silage resulted in lower inclusion of the HCW silage. Therefore, the benefit of the increased NDF digestibility of this silage may not be as pronounced due to its lower concentration in the diet. However, for 30-h IVNDFD we observed a 0.30kg increase in 4% FCM production for a 1 percentage unit increase in NDF digestibility, which is consistent with previous observations (Oba and Allen, 1999a) . Using the 48-h IVNDFD value resulted in a smaller increase in 4% FCM per 1 percentage unit increase in digestibility (0.17 kg).
Interestingly, there was a tendency (P < 0.07) for an increase in milk fat concentration for the HCWN diet compared with the LCW diet. Weiss and Wyatt (2002) observed a significant milk fat depression when the high-NDF, high-NDF digestibility corn silage was substituted for low cell-wall corn silage on a NDF basis. Weiss and Wyatt (2002) could not determine whether the decrease in milk fat percentage for cows fed the high cell-wall diet was due to increased corn grain and therefore starch concentration of the diet, increased NDF digestibility of the corn silage, decreased NDF concentration, or a combination of these 3 factors. In our study, we were able to reduce the overall forage concentration of the diet while maintaining equal NDF concentration of the diets, which not only prevented a depression in milk-fat concentration, but also actually increased milk-fat concentration in the HCWN diet. There was a trend (P = 0.13) for an increase in milk true protein concentration for cows fed the HCWN diet. The increased energy available to the rumen may have increased microbial protein synthesis and consequently metabolizable protein supply to the cow (Oba and Allen, 2000) . The concentration of lactose and SNF were not affected by treatment, but due to the trend for an increase in milk yield, the production of all milk components was increased for cows fed HCWN compared with the LCW diet. As observed in trial 1, there was no effect of treatment on gross efficiency of converting DMI to 4% FCM.
The DMI response paralleled the milk yield response (Table 8 ). There was a trend (P = 0.13) for an increase in DMI for cows fed the HCWN diet compared with the LCW diet as a percentage of BW. Weiss and Wyatt (2002) observed no effect on DMI of substituting a higher NDF content and digestibility silage for a lower NDF corn silage, on a NDF basis. There was no difference in NDF or starch intake between the diets, which, given similar DMI for the 2 diets, was expected because the NDF concentration of the LCW and HCWN diets was 30.8%, and both diets had similar starch concentrations.
Ruminal turnover and total-tract nutrient digestibility. There was no difference in ruminal turnover of OM or starch, but there was a trend for an increase in NDF turnover for the HCWN diet (P = 0.12; Table 9 ). There was no difference in ruminal passage of indigestible NDF between the cows fed the LCW diet and cows fed the HCWN diet. Total tract digestibilities of OM and starch were also very similar between the 2 treatments, but NDF digestibility for cows fed the HCWN diet compared with the LCW diet increased (46.9 and 36.5%, respectively). Total-tract starch digestibility averaged 81.6% for both treatments, which is on the lower end of the reported range (85 to 99%; Firkins et al., 2001) Starch digestibility is a function of genetics, grain processing, and the assay used for measuring starch. There was no difference between diets for measures of ruminal mass or volume, although numerically these measures were all smaller for cows fed the HCWN diet (Table 9 ). The numerically lower ruminal volumes, along with the higher ruminal turnover values, may help to explain the trend for increased DMI observed for cows fed the HCWN diet. In this trial, the increased total tract digestibility of NDF allowed for the slight increase in DMI, which appears to be the driving factor for the increase in 4% FCM production.
Ruminal pH and VFA concentration. There was a trend (P = 0.12) for lower ruminal pH for cows fed the HCWN diet compared with the LCW diet (5.73 and 5.78 for HCWN and LCW diet, respectively; Table 10 ) although the small difference between the 2 diets is not biologically important. There was no effect of diet on individual VFA concentrations or total VFA concentration. There was an increase in the acetate to propionate ratio for cows fed the HCWN diet compared with the LCW diet (3.1 and 2.9 for HCWN and LCW, respectively; P < 0.07). The higher acetate to propionate ratio is consistent with the higher milk-fat concentration observed for cows fed the HCWN diet.
Relationship of milk response to pretrial milk yield. There was a significant linear relationship between the milk yield response to the HCWN diet vs. the LCW diet and PM (Figure 2) . In general, a 1 percentage unit increase in PM lead to a 0.15-kg increase in response to the diet containing the higher NDF, higher NDF digestibility silage. The response to the HCWN diet in relation to PMEO was quadratic. The r 2 value for this curve was stronger compared with the milk energy output curve in trial 1 (0.36 for trial 2 compared with 0.12 for trial 1). For the HCWN diet vs. the LCW diet there was a significant positive correlation between the response and PMEO (r = 0.53, P < 0.01). This clearly shows that cows with higher PMEO were able to respond to a greater extent compared with cows with lower pretrial milk output. This result is in agreement with the findings of Oba and Allen (1998) , who showed that milk yield response to a brown midrib silage-containing diet was greater for animals that were at a higher level of milk production before the start of the trial. Their hypothesis that the increased digestibility of the brown midrib silage led Journal of Dairy Science Vol. 88, No. 1, 2005 to increased ruminal turnover and therefore increased feed intake and milk production also applies to the results found in our study. Voelker et al. (2002) observed the same response, with higher producing cows having a greater 3.5% FCM response to a lower forage diet than lower producing cows. Other factors such as DIM, parity, and BW could influence PM and therefore the response to the treatment. There was a negative correlation between pretrial DIM and PM (r 2 = (0.39), which reflects our use of late-lactation animals to create the lower end of our range in pretrial milk production.
CONCLUSIONS
Substituting corn silage with higher NDF content and digestibility for a silage with lower NDF content and digestibility, on either a DM or NDF basis, resulted in increased feed intake (% of BW) and 4% FCM production for those cows, but the response was lower when substitution occurred on an NDF basis. When the HCW silage was substituted for LCW silage on a DM basis, the increased turnover of OM and NDF accounted for the observed increase in feed intake and milk production. In contrast, when the HCW silage was substituted for LCW silage, on a NDF basis, the increase in totaltract digestibility appeared to contribute to the increase in milk yield to a greater extent than NDF turnover. Higher milk-producing cows responded greater to substitution of HCW for LCW silage when the substitution occurred on a NDF basis.
